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I. INTRODUCTION 
The rap id  growth of micro-computer technology i n  recent  yea r s  has suddenly 
made cheap computing ava i l ab le  t o  small bus iness  u s e r s  and hobbyists .  The 
performance c a p a b i l i t y  of micro-computers i s  now approaching t h a t  of t h e  
mini-computers o f  a few years  ago. As was t h e  case f o r  mini-computers, we can 
expect  t h a t  micro-computer manufacturers and software vendors w i l l  o f f e r  
inc reas ing ly  soph i s t i ca ted  use r  support and software packages. Operating 
systems a r e  now becoming genera l ly  ava i l ab le  toge the r  with a v a r i e t y  of 
packages f o r  common business app l i ca t ions .  Among these  packages a r e  many ~ i l e  
Management Systems (FMS'S) and severa l  Data Base Management Systems (DBMS's). 
A n  FMS, provides  f a c i l i t i e s  f o r  f i l e  c r e a t i o n ,  maintenance, r e t r i e v a l  and 
r e p o r t  generat ion.  Usually a number of independent f i l e s  a r e  crea ted  each 
support ing a s i n g l e  appl ica t ion .  Some FMS's can simultaneously access  s e v e r a l  
f i l e s  e i t h e r  f o r  r e t r i e v a l  o r  f o r  update (eg. master  and t r a n s a c t i o n  f i l e s ) .  A 
DBMS on t h e  o t h e r  hand c r e a t e s  and manages a non-redundant da ta  s t r u c t u r e  i n  
which var ious  da ta  r e l a t i o n s h i p s  a r e  maintained and which can support a number 
of d i f f e r e n t  app l i ca t ions .  
This  paper surveys t h e  emerging f i e l d  of d a t a  management software f o r  
micro-computer systems. O u r  o b j e c t i v e s  a r e  t o  provide a guide t o  t h e  a v a i l a b l e  
software and t o  survey a c t u a l  and p o t e n t i a l  u s e r s  and app l i ca t ions .  For 
reference ,  exce l l en t  surveys of da ta  base management systems f o r  maxi- and 
mini- computers a r e  contained i n  [ 11 and [5] r e spec t ive ly .  
The market f o r  general  purpose da ta  management software i s  discussed 
b r i e f l y  i n  Sect ion  2. The p o t e n t i a l  i s  l a r g e  but  a s  y e t  almost completely 
unsa t i s f i ed .  Some of t h e  problems involved i n  developing software for smal l  
bus iness  users  a r e  discussed i n  Sect ion  3. This  sec t ion  a l s o  descr ibes  a 
des i rab le  s e t  of software c h a r a c t e r i s t i c s  f o r  t h e  micro-computer market. 
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The r e s u l t s  of a survey of micro-computer manufacturers and software 
vendors a r e  described i n  Section 4. A l i s t  of t h e  systems and vendors i s  given 
i n  Appendix I and a summary of the  vendor survey quest ionnaire i n  Appendix 11. 
A l l  o f  t h e  systems a r e  ava i l ab le  f o r  machines with l e s s  than o r  equal  t o  64K 
memory and 8 -b i t  microprocessor chips. Some a r e  ava i l ab le  f o r  a wide v a r i e t y  
of machines and opera t ing  systems; some vendors a r e  planning vers ion  f o r  t h e  
new 16-b i t  micorprocessors. The software f e a t u r e s  of fered  vary widely 
inc lud ing  simple s i n g l e  f i l e  r e t r i e v a l  system, m u l t i - f i l e  r e t r i e v a l  sys ta -5 ,  
m u l t i - f i l e  FMSfs designed t o  a s s i s t  i n  t r a d i t i o n a l  business funct ions  such a s  
p a y r o l l  and inventory con t ro l  and fu l l - f ledged DBM's .  Surpr is ingly ,  i n  terms 
of  t h e  f e a t u r e s  provided by t h i s  software w e  f ind  some systems which a r e  
approaching t h e  soph i s t i ca t ion  of t h e i r  maxi-computer counterpar ts*  
The packages i n  the  sample were chosen t o  be t y p i c a l  examples covering a 
range of d i f f e r e n t  system types.  The l ist  i s  n o t  exhaustive. Nor does 
i n c l u s i o n  of a system i n  t h e  l i s t  imply t h a t  it i s  to be p re fe r red  t o  another  
n o t  on t h e  l is t .  O u r  o b j e c t i v e  i s  t o  provide an overview of t h e  kinds of  
sof tware  ava i l ab le ,  no t  t o  recommend any p a r t i c u l a r  package. Indeed it would 
be f o o l i s h  t o  do so. F i r s t ,  because t h e  c o r r e c t  choice of a package depends 
heav i ly  on the  intended app l i ca t ion  and secondly because new systems and 
upgrades of e x i s t i n g  systems a r e  being con t inua l ly  in t roduced-  
In  addi t ion  t o  t h e  'supply-sidef  it i s  important t o  consider  t h e  e x i s t i n g  
and p o t e n t i a l  uses of data management technology. The r e s u l t s  of a small  
survey of DBMS use r s  a r e  reported i n  Sec t ion  5. The use r  survey ques t ionna i re  
is  a l s o  summarized i n  Appendix 11. 
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2. MARKETS FOR MICROCOMPUTER DATA MANAGEMENT SOFTWARE 
The major markets f o r  da ta  management software are :  
o Small business, p ro fess iona l  and non-profit  o rgan iza t ions  
o Medium-large businesses 
o Small business software developers 
o Personal  and home use 
The f i r s t  category l i s t e d  above i s  l i k e l y  to be the  most important i n  t h e  
s h o r t  t o  in termedia te  term. I f  we consider  a  small business a s  one with l e s s  
than $4 m i l l i o n  s a l e s  t h e r e  is  a p o t e n t i a l  market of perhaps one m i l l i o n  
companies. However it w i l l  be some t ime before t h e  u t i l i t y  of computers f o r  
many companies ( e s p e c i a l l y  those  with s a l e s  l e s s  than $2 m i l l i o n )  becomes 
se l f -evident .  Two r e l a t e d  a p p l i c a t i o n s  - word-processing and mai l ing  have 
a l r eady  es tab l i shed  themselves a s  p r a c t i c a l  and use fu l  f o r  many m a l l  
bus inesses  with micro-computers a t  t h e  smaller  end of t h e  range. More genera l  
bus iness  app l i ca t ions  w i l l  be next. These range from simple f i l e  r e t r i e v a l '  
a p p l i c a t i o n s  (eg.  maintaining a l ist  of  customers) t o  t r a d i t i o n a l  bus iness  
a p p l i c a t i o n s  such a s  inventory con t ro l .  The s p e c i a l  problems involved i n  
developing software f o r  small bus iness  w i l l  be discussed i n  s e c t i o n  3.  
A number of users  i n  our survey were developing decen t ra l i zed  s p e c i a l  
purpose systems within l a rge  organiza t ions .  These u s e r s  were more 
soph i s t i ca ted  and were prepared t o  spend time l ea rn ing  the  da ta  management 
package and developing t h e i r  app l i ca t ions .  They purchased t h e  more powerful 
f i l e  management and data  base management systems. 
A number of software developers have a l s o  purchased t h e  more s o p h i s t i c a t e d  
f i l e  management and data  base management systems and a r e  using them a s  b u i l d i n g  
blocks f o r  developing business a p p l i c a t i o n  packages f o r  r e s a l e  t o  end use r s .  
F ina l ly  there  i s  a market f o r  f i l e  managemen: systems f o r  pe r sona l  use. 
~t t h i s  s t age  it i s  not  c l e a r  how quickly  t h i s  market w i l l  develop beyond a 
r e l a t i v e l y  few hobbyist  users .  The volume of r e t r i e v a l  t r a n s a c t i o n s  f o r  
t y p i c a l  home app l i ca t ions  such a s  r ec ipes  and l ists  of personal  f r i ends  does 
not  mer i t  t h e  e x t r a  overhead of computerized methods when compared with manual 
systems. The s i t u a t i o n  may change a s  information u t i l i t i e s  l inked  t o  home 
t e l e v i s i o n  s e t s  become widespread. In  t h i s  case consumers may g e t  t h e  a b i l i t y  
t o  tap-off  l i m i t e d  f i l e s  of information f o r  spec ia l  processing i n  t h e i r  own 
' d i s t r i b u t e d '  da ta  bases. 
3. DESIRABLE PRODUCT CHARACTERISTICS 
Development of micro-computer software f o r  small business use r s  p resen t s  a 
s p e c i a l  s e t  of  problems and challenges never before faced by t h e  software 
indus t ry .  I n  t h e  f i r s t  p l ace  machines i n  a s u i t a b l e  p r i c e  range ( s a y  $5,000 t o  
$15,000) have severe c o n t r a i n t s  i n  terms of memory capaci ty ,  speed and 
opera t ing  system capab i l i ty .  Secondly, t h e  systems must be s u i t a b l e  f o r  
opera t ion  by naive use r s  with n e i t h e r  t h e  time nor t h e  i n c l i n a t i o n  t o  i n v e s t  i n  
support ing a computerized system. Larger companies always have been ab le  to 
s p e c i a l i z e  t h e i r  work fo rces  f o r  such t a s k s  a s  da ta  e n t r y  and v a l i d a t i o n ,  
system opera t ion  and f i l e  maintenance. Small companies can not a f fo rd  t h i s .  A 
few employees must perform a l l  business funct ions .  Time spent  i n  suppor t ing  
funct ions  t h a t  a r e  not d i r e c t l y  revenue producing must be reduced t o  a 
minimum. 
Figure 1 summarizes these  and o t h e r  c h a r a c t e r i s t i c s  of m a l l  bus iness  
systems. The arrows i n d i c a t e  t h e  major software impl ica t ions .  Our survey o f  
a v a i l a b l e  data management systems shows t h a t  des igners  have been s e n s i t i v e  t o  
some of these  needs. However, no c u r r e n t  system comes c l o s e  t o  s a t i s f y i n g  a l l  
o f  them. 
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SMALL BUSINESS 
CHARACTERISTICS 
IMPLICATIONS 
FOR SOFTWARE 
o PERSONAL L - (, GOOD 'HUTlLAN ENGINEERING' 
o INDIVIDUALS PERFORM RESPONSIVE SYSTEMS 
MANY FUNCTIONS 
o UNPREDICTABLE WORK ON-LINE UPDATE 
ENVIRONMENT (DEAL WITH ONE TRANSACTION 
AT A TIME) 
o LITTLE UNDERSTANDING ,L o FILE MAINTENANCE 
OF COMPUTERS FUNCTIONS TRANSPAR?3T 
o CAN NOT AFFORD TO 'TURNKEY' SYSTEMS 
PAY FOR PROGWNMING 
PORTABLE SYSTEMS 
o UNDERGO GROWTH FLEXIBLE SYSTEMS 
AND CHANGE -CAN RESTRUCTURE 
o LITTLE UNDERSTANDING F & o DESIGNERS OF APPLICATIONS 
OF BUSINESS SYSTElS MUST UNDERSTAND THE BUSINESS 
FIGURE 1 
DESIRABLE SOFTWARE ATTRIBUTES 
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~ o o d  Human Engineerinq 
W e  have a l ready mentioned t h e  need f o r  user-fr iendly systems. Sect ion  4 
w i l l  expand on some of t h e  f e a t u r e s  provided by cur ren t  software t o  meet t h i s  
requirement. 
Responsive Systems 
Small bus iness  systems a r e  charac ter ized  by an upredic table  w r k  
environment and a r e  driven by randomly occuring events .  Because it i s  n o t  
p o s s i b l e  to  s p e c i a l i z e  a p l o y e e  work funct ions  t h e r e  i s  no p o s s i b i l i t y  of 
buf fe r ing  t h e  system from i t s  environment. This impl ies  a requirement t h a t  
Systems be ' responsive '  i n  the  sense t h a t  the  opera to r  can quickly change t h e  
mode of opera t ion  without extens ive  f i l e  management opera t ions  and without 
compromising system i n t e g r i t y .  The a b i l i t y  t o  move quickly from t h e  process ing 
of  one t r a n s a c t i o n  type t o  another  o r  t o  a d i f f e r e n t  f i l e  type i s  a des i rab le  
a t t r i b u t e .  
On-Line Update 
One aspect  of a responsive system i s  t o  allow on-l ine update of f i l e s .  
Most of t h e  f i l e  management systems al low t h i s .  Some systems allow t h e  on- l ine  
u s e r  t o  batch update reques ts  f o r  g r e a t e r  e f f i c i e n c y ;  some al low a given update 
t o  be performed on a s e l e c t e d  group of recorss .  However, t h e  primary access  t o  
t h e  system i s  usual ly  one record at-a-time. This  c o n t r a s t s  with the  master  
f i l e / t r a n s a c t i o n  f i l e  mode of process ing which predominates i n  many l a r g e r  
businesses. The one t r a n s a c t i o n  at-a-time mode f i t s  with o t h e r  c h a r a c t e r i s t i c s  
of a small business and i s  s u i t a b l e  f o r  a small  volume of heterogeneous 
t r ansac t ions .  A s  volume grows however, s p e c i a l i z a t i o n  of da ta  en t ry  funct ions  
can y ie ld  g rea t  economies. Some of t h e  f i l e  management systems a l ready on t h e  
market a n t i c i p a t e  t h i s  requirekent .  
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F i l e  Maintenance Fuctions Transparent 
Since bus iness  users  usual ly  have l i t t l e  understanding of computers, f i l e  
maintenance opera t ions  such a s  backup and recovery from system f a i l u r e  a r e  
l i l e l y  t o  be troublesome areas.  A s  f a r  as poss ib le  these  funct ions  should be 
handled automatical ly.  This i s  an a r e a  of weakness f o r  many e x i s t i n g  systems* 
Unless t h e  user  can a f fo rd  a hard d isk  system the  physical  handling of 
d i s k e t t e s  i n  and out  of d i f f e r e n t  d r i v e s  i s  unavoidable. However t h e  u s e r  must 
a l s o  c r e a t e  and manage back-up f i l e s  i n  an organized fashion. Only a few of 
t h e  systems surveyed have a b u i l t - i n  funct ion  t o  back-up a f i l e .  AS a  
consequence t h e  user  must understand t h e  opera t ing  system i n  s u f f i c i e n t  d e t a i l  
t o  p e r f o m  t h i s  funct ion-  
Turnkey Systems 
Since small businesses usual ly  can not a f fo rd  t o  i n v e s t  i n  programming it 
i s  obvious t h a t  they need t o  purchase 'of f - the  s h e l f '  computerized s o l u t i o n s  t o  
t h e i r  bus iness  problems. 
Where t h e  app l i ca t ions  a r e  c l e a r  and simple a s  i n  mail ing l a b e l s  and 
maintaining simple l is ts  of information t h i s  can be done e a s i l y  enough. 
Severa l  f i l e  management systems include q u i t e  e l egan t  form design f a c i l i t i e s  tn 
add an e x t r a  dimension of genera l i ty .  Some a r e  i n t e g r a t e d  with word-~rocess ing  
and mai l ing  packages of fered  by the  same vendor. However, more complex 
business app l i ca t ions  such a s  payro l l ,  inventory  con t ro l  and general  l edger  a r e  
harder  t o  provide a s  ' turnkey'  systems because of d i f f e rences  i n  bus iness  
requirements* 
P o r t a b i l i t y  
The a b i l i t y  t o  t r anspor t  programs from one computer system t o  another  i s  
important on both t h e  supply and demand s i d e s  of t h e  software market. For 
supp l i e r s  it gives a broader market and makes g r e a t e r  investment i n  development 
worthwhile. For t h e  m a l l  businessman it reduces t h e  r i s k  of software 
investment .  There can be l i t t l e  doubt t h a t  t h e  widespread use  of 280 and 8080 
c h i p  technology and t h e  CP/M o p e r a t i n g  system h a s  con t r ibu ted  g r e a t l y  t o  t h e  
growth of t h e  micro-computer sof tware  indus t ry .  Many software vendors a r e  
i n c r e a s i n g  t h e i r  markets by r e l e a s i n g  ve r s ions  compatible with more t h a n  one  
computer system. 
F l e x i b l e  Systems 
The need f o r  systems which can endure change and growth is  a t  l e a s t  a s  
g r e a t  a s  i n  l a r g e  systems. With d a t a  management systems t h i s  t r a n s l a t e s  i n t o  
a n  a b i l i t y  to change f i l e  d e f i n i t i o n s  and da t a  r e l a t i o n s h i p s .  Very few of t h e  
f i l e  management systems al low new f i e l d s  t o  be added t o  an e x i s t i n g  r e c o r d  
d e f i n i t i o n .  Some of t h e  systems r e q u i r e  t h a t  indexes be r e b u i l t  a f t e r  t h e  
a d d i t i o n  of  a record  t o  a f i l e .  A t  t h e  o t h e r  extreme an  add-on package o f  
' r e s t r u c t u r i n g '  r o u t i n e s  can be purchased f o r  one of t h e  d a t a  base management . 
systems. Th i s  a l lows  a complete r e d e f i n i t i o n  of both r eco rds  and r eco rd  
i n t e r r e l a t i o n s h i p s  under progran c o n t r o l .  
Good Business  Systems 
Many smal l  companies do not  have a good understanding of e i t h e r  manual o r  
computerized bus iness  systems. Th i s  p l a c e s  a n  a d d i t i o n a l  burden on sof tware  
d e s i g n e r s  - they  must thoroughly understand t h e  bus ines s  requirements .  
Exception cond i t i ons  must be a n t i c i p a t e d  and an  a u d i t  t r a i l  provided. The u s e r  
must be p ro t ec t ed  from e r r o r s  of omission and commission. When e r r o r s  a r e  
d iscovered  they  must be easy  t o  c o r r e c t .  I d e a l l y ,  a s  t h e  i n d u s t r y  matures  
a p p l i c a t i o n  systems w i l l  be designed by teams c o n s i s t i n g  of both bus ines s  and 
systems s p e c i a l i s t s .  Well designed e f f i c i e n t  sof tware  i n  a narrow sense  i s  a 
necesary  bu t  by no nieans s u f f i c i e n t  p r e q u i s i t e  f o r  success.  The sof tware  
should perform t h e  c o r r e c t  mix pf b u s i n e s s  func t ions .  
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4. SURVEY OF AVAILABLE DATA MANAGEMENT SOFTWARE 
4.1 C l a s s i f i c a t i o n  Scheme 
The da ta  management systems examined i n  t h i s  study a r e  l i s t e d  i n  Table 1. 
They can be c l a s s i f i e d  i n t o  a number of d i s t i n c t  types: 
1. F i l e  Management Systems 
1.1 F i l e  Access Methods (FAM) 
1.2 Self-contained F i l e  Management Systems (FMS) 
1.3 Application Developments Systems (ADS) 
2. Data Base Management Systems ( DBMS) 
A s  i l l u s t r a t e d  i n  Figure 2 t h e  access  pa ths  through which u s e r s  i n t e r a c t  
wi th  t h e i r  da ta  form t h e  major b a s i s  f o r  the  above c l a s s i f i c a t i o n .  
These access  pa ths  contain t h e  l o g i c  of  t h e  user  app l i ca t ion  with regtird t o  
some o r  a l l  of the  following: 
F i l e  Descript ion (FD) - Data i tem and record d e f i n i t i o n s  
Schema Description (SD) - FD p l u s  complex data  r e l a t i o n s h i p s  
Loading Data (LD) - adding da ta  t o  c r e a t e  a f i l e  
Update (UP) - changing data  values;  addi t ions ;  d e l e t i o n s  
Information Re t r i eva l  ( Z R )  - answering quer i e s  from a terminal  
Report Generation ( R G )  - formatted reports; s p e c i a l  forms 
Job Processing (JP) - process ing and computation involving mul t ip le  
f i l e s  and a number of job s t e p s  
Roughly speaking the  c l a s s i f i c a t i o n  i n d i c a t e s  a t rade-off  between t h e  ease of 
use and t h e  functional  g e n e r a l i t y  and f l e x i b i l i t y  of  t h e  software package. 
Users a r e  re l ieved of complex and onerous t a s k s  when t h e  l o g i c a l  funct ions  
l i s t e d  above a r e  carr ied-out  by t h e  software package r a t h e r  than by 
user-wri t ten  programs i n  a high-level  languaqe such a s  BASIC. However, u n l e s s  
t h e  software package is  p a r t i c u l a r l y  powerful t h e  a b i l i t y  of u s e r s  t o  
manipulate and perform c a l c u l a t i o n s  on t h e i r  da ta  may be r e s t r i c '  
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TABLE 1 
C&ARACTERXSTICS OF DATA V.'AGFXhT SYSTMS 
REqUIRED OPERATING SOLXCE SYSTEll NO. OF DATE 
SYSTM HARDWARE 
-
CPUSIZE SYSTM LAh'GL'AG!! TYPE US= RELEASED 
ANALPST 280,8080 5 2K CP/H CBASlC 2 MS 7 50 $250 Aug. 1979 
Xic ro  W/H 
CCA 
DATA 
M&YAGER 
CONDOR 
SERIES 
ZO/DBMS-I 
280,8080 6 8K CP/H FORTRAN + lJ lS  100 $395 
ASSOiBLY 
APPLE 11 24K TRSWS BASIC FXS 1000 $100 
TRS-80 11 
280 Kicro 48K CPiM 280 DENS 60 $695 
CWS ASSPfBLY 
280 Micro 56K CP/X 280 DBXS 15 $5000 
CDOS ASSEKBLY 
CBOKEMCO CROEEMCO 64K 
DBMS SISTE3 I1 
OR 111 
1 
DBHASTFR APPLE I1 48K 
INFO NORTE STAR 56K 
HANAGEB BORIZOX 
Jan. 1978 
CWS BASIC FMS 2000 $298 1979 
WS 3.3 BASIC+ FES 600 $189 Nov. 1980 
ASSmBLY 
CP/H, go80 ADS 200 $750 Oct. 1979 
CDOS , ASSPZBLY 
HP/M 
(INTEGRAL) 'c' MS 5 00 $499 Jun. 1980 
As? 2.1.1 
TRSWS, BASIC WS 100 $99.95 O c t .  1980 
BEUIX)S, + 
nos ASSMGLY 
tDBS 280, 8080, 64K CP/M ASSEEBLY DBXS 300 $900 Nov. 1979 
6502 Wicro NORTH S%Y 
TXSDOS 
KICRO B+ 280, 8080 N/A CP/M ASSLXBLY F M  100 $260 Sep. 1979 
Micro 
MXCRO- 280 Kicro 64K CP/M FORTRAN DBFS H/A $900 1979 
S EEI) CP/M + 
AsSrnLY 
0s-DMS OSI 56K OS-65U , BASIC FPS 1000 $300 Jun. 1978 
' 'Nucleus' Challenger 
I1 o r  111 
PRISX/ 280, 8080, 48R CP/M CBASIC ADS U/A $795 Nov. 1980 
ADS 8085 Micro 
PROFILE TRS-80 11 32K ~ W S  N/A FnS N/A $179 1980 
I X  
SELECTOR 280,8080, 46K CP/M CBASIC rr3 1200 $345 Apr. 1979 
111 8085 Micro 
SELECTOK 280, 6080, 52K CP/M CBASIC ADS 150 $550 Sep. 1980 
N 8085 Kicro 
SUPElCKRAH APPLE X I ,  16K APPLEDCS ASSPrBLY '-'AM 500 $175 llov. 1979 
COMMODORE CBMDOS 
PET 
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ACCESS PATHS FOR CLASSES OF DATA MANAGEMENT SYSTEM 
M I A  BASE ]F&. 
F i l e  access  methods (Figure  2a)  provide e f f i c i e n t  multi-key access  from a 
hos t  language program t o  the  da ta  f i l e s .  However, t h e  l o g i c  f o r  a l l  of t h e  
above func t ions  must be coded within t h e  c a l l i n g  programs. 
The Se l f  Contained FMS's a r e  f u r t h e r  categorized i n  Figure 2 according t o  
t o  whether they a r e  t o t a l l y  o r  p a r t i a l l y  self-contained.  A software package i s  
se l f -conta ined i f  it provides t h e  complete i n t e r f a c e  between a u s e r  a p p l i c a t i o n  
and i t s  d a t a  base. Thus a l l  of t h e  funct ions  t h a t  a r e  necessary f o r  t h e  
a p p l i c a t i o n  a r e  performed using the  language, prompting and menu s e l e c t i o n  
f e a t u r e s  of the  package i t s e l f .  The user  does not have t o  program i n  a "host"  
high l e v e l  language (such a s  BASIC) o r  invoke u t i l i t i e s  such a s  e d i t o r s  and 
s o r t  r o u t i n e s  t h a t  a r e  not p a r t  of t h e  package. 
The t o t a l l y  self-contained FMS's (Figure  2b) provide a s i n g l e  i n t e r f a c e  
t a i l o r e d  f o r  naive users .  This  al lows them to perform funct ions  R), LD, U P ,  I R  - 
and RG by speci fy ing t h e i r  requirements non-procedurally. i . e a  u s e r s  spec i fy  
what has to be done but the  d e t a i l s  of how t h e  processing i s  t o  be carr ied-out  
a r e  l e f t  t o  t h e  package. This  works well  f o r  simple low volume app l i ca t ions .  
However, e x i s t i n g  non-procedural i n t e r f a c e s  genera l ly  can not cope with the  
complex sequence of processing needed t o  update and maintain f i l e s  f o r  more 
soph i s t i ca ted  appl ica t ions .  Greater  g e n e r a l i t y  i s  achieved i n  t h e  p a r t i a l l y  
self-contained packages (Figure 2c )  where t h e  FMS f i l e s  can a l s o  be generated 
and/or accessed by separa te  app l i ca t ion  programs o r  by word-processing and 
mail ing-label  packages supplied by t h e  same vendor. 
An Applicat ion Development System (F igure  2d) r e p r e s e n t s  a r e l a t i v e l y  new 
genera l iza t ion  of a FMS t o  allow t ransact ion/master  f i l e  processing. I n  
a e d i t i o n  t o  the  FD, LD, UP,  I R  and RG i n t e r f a c e s  of an FMS, an ADS provides  a 
J P  ( j o b  process ing)  i n t e r f a c e  through which u s e r s  can de f ine  a sequence of job 
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s t e p s  invo lv ing  simple computations, matching and merging and t r a n s f e r  of da ta  
between t r a n s a c t i o n  and master  f i l e s .  
A DBMS (Figure  2e)  i s  dis t inguished by i t s  recognit ion of l o g i c a l  da ta  
r e l a t i o n s h i p s  beyond those of t h e  simple da ta  item/record r e l a t i o n s h i p s  of  
t r a d i t i o n a l  f i l e  processing. It does t h i s  v i a  an SD (schema d e f i n i t i o n )  
i n t e r f a c e  through which t h e  u s e r  s p e c i f i e s  t h e  r e l a t i o n s h i p s  t h a t  a r e  t o  be 
maintained i n  t h e  da ta  base. The r e s u l t i n g  l o g i c a l  desc r ip t ion  (schema) i s  
s t o r e d  separa te ly  from the  physica l  da ta  and consulted by t h e  DBMS whenever 
s to rage  o r  r e t r i e v a l  reques ts  a r e  carr ied-out .  A s  i l l u s t r a t e d  i n  Figure 2f it 
is  l i k e l y  t h a t  f u t u r e  DBMS's w i l l  become p a r t i a l l y  self-contained by providing 
o t h e r  non-procedural i n t e r f a c e s  a s  has been done by the  self-contained FMS's. 
Although individual  packages wi th in  each c l a s s  d i f f e r  g r e a t l y  i n  t h e  range 
of  f e a t u r e s  of fered ,  Table 2  summarizes t h e  c a p a b i l i t i e s  of each c l a s s  of 
system i n  terms of t h e  non-procedural i n t e r f a c e s  t h a t  a r e  usua l ly  provided. I n  
t h e  fol lowing sec t ions  we descr ibe  t h e  main f e a t u r e s  of each type of system a s  
revealed  by t h e  survey ques t ionnai re  descr ibed i n  Appendix 110 
4.2 F i l e  Access Methods 
These a r e  designed t o  be accessed v i a  host-language programs such a s  
BASIC, and PL/I. Their purpose i s  t o  provide f a s t  randam and/or sequen t i a l  
access  t o  f i l e s .  Two of the  surveyed systems f a l l  i n  t h i s  category. Both 
allow r e t r i e v a l  from f i l e s  based on m u l t i p l e  key values and allow f o r  more than 
one f i l e  t o  be simultaneously open. One of t h e  systems (SUPERKRAM) u s e s  a  
VSAM-like f i l e  s t r u c t u r e ;  t h e  o the r  (MICRO-B+) a  B-tree approach. They a r e  
designed f o r  use by programmers r a t h e r  than end-users. 
4.3  Self-Contained F i l e  Management Systems 
These systems attempt t o  provide a  s i n g l e  i n t e r f a c e  through which a l l  f i l e  
maintenance and r e t r i e v a l  funct ions  can be perfonned. A s  i nd ica ted  by Table 1 
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Table 2 
Non-procedural I n t e r f a c e s  Provided by Var ious  Systems 
F i l e  D e s c r i p t i o n  (FD) 
( i t eml reco rd  d e f i n i t i o n s )  
Schema D e s c r i p t i o n  (SD) 
(Complex d a t a  r e l a t i o n -  
s h i p s )  
Loading Data (LD) 
S i n g l e  f i l e  upda t e s  
Computed f i e l d s  
Informat ion  R e t r i g v a l  (IR) 
S i n g l e  f il.e/muLtipile keys  
M u l t i p l e  f i l e s / m u l t i p l e  
keys  
Report Genera t ion  (RG) 
Columnar r e p o r t s  
Job Process ing  (JP)  
M a s t e r / t r a n s a c t i o n  f i l e  
llpdat e  
1.1 1 .2 .1  1.2.2 1 .3  2 . 1  2 .2  
F i l e  T o t a l l y  P a r t i a l l y  App l i ca t i on  DBMS DBMS 
Access Se l f -conta ined  Se l f -conta ined  Development w i t h  
Method FMS FMS System I n t e r f a c e s  
No Yes Yes Yes Yes Yes 
No No No No Yes Yes 
No Yes Yes Yes No Yes 
Yes Yes Yes No No 
Usual ly  Usua l ly  Yes Sometimes Sometimes 
No Yes Yes 
No Sometimes Sometimes 
Yes 
No 
Yes 
No 
Y e s  No Yes 
Yes No Y e s  
Yes No Y e s  
Yes No No 
t h i s  category rep resen t s  t h e  l a r g e s t  number of ava i l ab le  software packages. 
They provide f a c i l i t i e s  f o r  record d e f i n i t i o n ,  d a t a  ent ry ,  update, r e t r i e v a l  
and d e l e t i o n  combined with s o r t  and repor t  generation c a p a b i l i t i e s .  Most of  
t h e s e  systems a r e  designed t o  allow access  t o  only one f i l e  a t  a time and lead 
t h e  use r ,  v i a  a s e r i e s  of  formatted menu screens,  through t h e  va r ious  
funct ions .  They a r e  geared f o r  the  naive use r  and a r e  f a i r l y  successful  i n  
al lowing a businessman with a l i m i t e d  knowledge of computers t o  run t h e  system 
unass is ted .  
The systems f a l l i n g  i n  t h i s  category are: ANXYST, CCA, CROMEMCO DBMS, 
DBMASTER, INFO-MANAGER, MAXI-MICRO-MANAGER, 0s-DMS, OZZ,  PROFILE 11 and 
SELECTOR 111. The following i s  an examination of the  most common f e a t u r e s  of 
these  packages. 
General C h a r a c t e r i s t i c s  - The f i l e  management systems surveyed a r e  a l l  
l e s s  than 2 years  o l d  with a l a r g e  inc rease  i n  number t h i s  year.  They a r e  
p r i ced  between $100 and $700. They have varying numbers of use r s  from a few 
f o r  t h e  j u s t  re leased systems t o  more than 1000 f o r  t h e  more e s t a b l i s h e d  
systems. They a r e  designed f o r  l i s t  management, simple master  f i l e  maintenance 
and accounting appl ica t ions .  The systems a r e  evenly s p l i t  between t h o s e  
w r i t t e n  i n  a high l e v e l  language ( u s u a l l y  BASIC) and those  w r i t t e n  i n  assembler 
o r  machine code. They a r e  a l s o  evenly s p l i t  between those  t h a t  can run only  a s  
a separa te  appl ica t ion  and those  t h a t  a l s o  allow invocation from user-provided 
app l i ca t ion  programs. 
System Requirements - The systems surveyed were of two types  - t h o s e  
designed t o  run on one manufacturer ' s  hardware and opera t ing  system and t h o s e  
designed t o  run on a v a r i e t y  of machines usua l ly  with the  CP/M o p e r a t i n g  
system. The storage requi red  v a r i e s  from 24 k t o  56 k with most systems 
requ i r ing  approximately 48K. Most systems run on 1 o r  2 d i s k e t t e s  and can 
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accomodate hard d isks .  A language i n t e r f a c e  t o  BASIC i s  required i n  about h a l f  
of the  systems. A l l  r equ i re  some display  device. Some a l s o  requ i re  a d i r e c t  
cu r so r  address  CRT and a p r i n t e r .  
User I n t e r f a c e  - The following a c t i v i t i e s  involve user  i n t e r a c t i o n  with a 
da ta  management system: ( 1 )  F i l e  d e f i n i t i o n ,  ( 2 )  Entry of new da ta ,  ( 3 )  F i l e  
update and maintenance, ( 4 )  Ad-hoc data  base inquiry ,  ( 5 )  Generation of r e p o r t s  
and s p e c i a l  forms. 
The i n t e r f a c e s  provided by the  surveyed systems f a l l  i n  the  following 
ca tegor ies :  ( 1 )  System prompts, ( 2 )  Menu s e l e c t i o n ,  ( 3 )  Screen forms, ( 4 )  
Command language . 
Generally t h e  systems provide a combination of methods and a uniform s t y l e  
of  i n t e r a c t i o n  f o r  each of the  f i v e  a c t i v i t i e s  l i s t e d  above. System prompts 
a r e  invar i ab ly  used - o f t e n  i n  combination with (and i n  p a r t i c u l a r  t o  c o n t r o l  
t h e  use o f )  one o r  more of t h e  o the r  types  of i n t e r f a c e .  Only a few of t h e  
systems provide a "Help1' f e a t u r e  t o  generate a l i s t  of allowable use r  responses 
t o  each prompt. Selec t ion  from a menu i s  t h e  most popular i n t e r f a c e  provided 
t o  guide t h e  use r  through t h e  var ious  program opt ions .  F i l e  d e f i n i t i o n ,  d a t a  
;*try and f i l e  maintenance a r e  usua l ly  handled by prompting f o r  t h e  r equ i red  
information on an item-by-item bas is .  Several  systems employ screen forms and 
cursor-addressing t o  al low a " f i l l - i n - t h e  blanks" mode of da ta  en t ry .  Some of 
t h e s e  systems allow use r s  t o  de f ine  t h e i r  own forms. A combined prompt and 
command language approach i s  used i n  some of t h e  systems t o  al low u s e r s  t o  
compose r e t r i e v a l  reques ts  involving severa l  s e l e c t i o n  c r i t e r i a .  
Data S t ruc tu res  - A l l  of t h e  systems allow charac te r  and i n t e g e r  da ta  
types*  Many systems have a da te  da ta  type and some include o t h e r s  such a s  
binary,  log ica l ,  and r e a l .  The,systems1 l i m i t s  a s  t o  f i e l d  s i z e ,  record s i z e ,  
and f i e l d  l a b e l  s i z e  vary widely. A t  t h e  low end of t h e  s c a l e  maximum record 
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s i z e  i s  l i m i t e d  t o  about 250 bytes  f o r  t h r e e  of t h e  systems which can be  
r e s t r i c t i v e .  For t h e  most p a r t  f i l e  s i z e  i s  only l imi ted  by d i sk  capacity.  
Almost a l l  of  t h e  systems requ i re  t h e  use of f ixed length records  without 
r epea t ing  f i e l d s  o r  groups of f i e l d s .  Most packages support computed f i e l d s  
(i.e. f i e l d  content  computed by package using a previously defined formula).  
Only one system al lows mul t ip le  record types wi th in  the  same f i l e  (e.g. header 
and t r a i l e r  r e c o r d s ) .  
Most systems use mul t ip le  access  techniques with r e l a t i v e  record number 
and primary key being t h e  most f requent ly  encountered comSination. Five of 
t h e  systems support secondary key indexes. Generally the  indexes a r e  only 
v a l i d  f o r  a  s t a t i c  f i l e  and have t o  be r e b u i l t  i n  a  separa te  s t e p  a f t e r  r ecords  
have been added. Only t h r e e  of the  systems allow more than one f i l e  t o  be open 
a t  a  time. 
F i l e  Def in i t ion  - A l l  of t h e  packages provide an onl ine  screen e d i t o r  t o  
a i d  i n  f i l e  d e f i n i t i o n .  Users a r e  f i r s t  presented  with a menu of system func- 
t i o n s  among which i s  f i l e  d e f i n i t i o n .  They a r e  then l ed  through a s e r i e s  of 
s t e p s  t o  def ine  f i l e  names, record layouts ,  and f i e l d  names and charac te r i s -  
t i c s .  The r e s u l t i n g  f i l e  d e f i n i t i o n  i s  s t o r e d  and used t o  prompt t h e  u s e r  upon 
data  en t ry .  Only two of t h e  systems al low modif ica t ions  t o  be made t o  t h i s  
f i l e  d e f i n i t i o n  a f t e r  i t s  i n i t i a l  c r e a t i o n  without  f i l e  reconst ruct ion .  
Data Entry and Update - A l l  of t h e  packages provide i n t e r a c t i v e  data  e n t r y  
and update f a c i l i t i e s .  Like f i l e  d e f i n i t i o n ,  t h i s  i s  usual ly  done v i a  a  s e r i e s  
of menu screens and prompts. Most o f t e n  t h e  system prompts t h e  use r  f ield-by- 
f i e l d  which can be time consuming i f  a  l a r g e  amount of da ta  is  to  be entered  a t  
one sess ion  espec ia l ly  a t  o r i g i n a l  f i l e  loading.  Some of t h e  packages r e q u i r e  
t h e  f i l e  t o  be sor ted  o r  some u t i l i t y  t o  be run immediately a f t e r  c rea t ion  i n  
order  t o  c r e a t e  the  index o r  p o i n t e r  l i s t  f o r  keyed access.  A few packages 
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check t h e  i n p u t  f o r  v a l i d i t y  (e.g. no a lphas  allowed i n  numeric f i e l d s ) .  
Record updates f o r  the  most p a r t  have t o  be performed by manually access ing 
each record  unless  t h e  user  wr i t e s  a sepa ra te  batch program. The record i s  
accessed by i t s  r e l a t i v e  record number o r  primary key, t h e  new value placed i n  
t h e  appropr ia t e  f i e l d  and the  record s tored .  A few packages provide t h e  
f a c i l i t y  t o  update a l l  records i n  a c l a s s ,  o r  which meet some c r i t e r i a .  This  
g r e a t l y  enhances system performance f o r  across-the-board changes. Deletes a r e  
u s u a l l y  handled i n  the  same way a s  updates. The packages a r e  about evenly 
s p l i t  a s  t o  whether t h e  space occupied by a de le ted  record i s  immediately 
reusable .  A few systems allow f o r  r e s t o r a t i o n  of de le ted  records i f  f i l e  
compaction h a s  not  been performed. 
Information Retr ieval  - A l l  of t h e  packages provide some record r e t r i e v a l  
f a c i l i t y  but  vary widely a s  t o  t h e i r  c a p a b i l i t i e s .  Most allow r e t r i e v a l  v i a  
r e l a t i v e  record number, primtlry, and secondary keys. A number a l s o  al low 
Boolean opera to r s  and range values f o r  key r e t r i e v a l .  A few provide t h e  
f a c i l i t y  t o  supply only a p a r t i a l  key, o r  a key with imbedded wild-card 
charac ters .  Two of t h e  systems provide " i n s t r i n g "  search c a p a b i l i t i e s  t o  
d i sp lay  records matching a p a r t i c u l a r  s t r i n g  i n  any f i e l d .  Some systems 
d i sp lay  t h e  f i r s t  record s a t i s f y i n g  t h e  suppl ied  c r i t e r i a  but  most d i sp lay  a l l  
t h e  records  which meet the  c r i t e r i a .  Some systems a l s o  keep t r a c k  of t h e  
cu r ren t  p o s i t i o n  i n  t h e  f i l e  and al low access  t o  t h e  next  o r  previous record .  
Report Generation - A l l  of the  systems provide repor t  generat ion 
f a c i l i t i e s  i n  the  form of columnar r e p o r t s  us ing  f i e l d  names a s  headings. Some 
al low the  use r  t o  supply headings o t h e r  than f i e l d  names, t o  generate t o t a l s  
and s u b t o t a l s  based on a change i n  a f i e l d  va lue  ( l e v e l  b reaks ) ,  and t o  perform 
some s t a t i s t i c a l  ana lys i s .  p one of t h e  systems provide graphic d i sp lays  bu t  
most have mail ing h b e l  p r i n t  c a p a b i l i t y .  Most sys tens  allow r e p o r t  formats t o  
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be s t o r e d  f o r  repeated use. Most al low the  repor t  output t o  be d i r e c t e d  t o  t h e  
t e rmina l  o r  t h e  p r i n t e r  a t  t h e  u s e r ' s  d i sc re t ion .  
Spec ia l  Features  - Many of t h e  systems surveyed had various s p e c i a l  
f ea tu res .  A machine language s o r t  seemed t o  be the  most common ex t ra .  Some of 
t h e  s o r t s  were q u i t e  soph i s t i ca ted  with record include/exclude and mul t i - level  
s o r t  c r i t e r i a .  Some a l s o  allow Boolean opera tors  i n  the  s o r t  c r i t e r i a .  In 
a d d i t i o n  t h e  systems surveyed provided variously:  da te  rou t ines ,  da ta  
compaction rout ines ,  f i l e  reorganiza t ion  u t i l i t i e s ,  and space a l l o c a t i o n  
repor t ing .  Only one of t h e  systems surveyed provided any data d i c t i o n a r y  
support .  A few provide password p ro tec t ion .  
Performance - Access t imes  t o  i n d i v i d u a l  records  and throughput i n  terms 
o f  number of r e c o r l  updates p e r  minute f o r  batch processing a r e  dependent, 
among o t h e r  th ings ,  on the  type of a u x i l l i a r y  s torage  device used. Depending 
on t h e  access  method employed performance can degrade se r ious ly  with l a rge  f i l e  
s i z e s  and long search keys. Access t imes  i n  t h e  range from .5 t o  2.5 seconds 
p e r  record were reported f o r  f i l e  s i z e s  l e s s  than 1000 records.  
Support - Generally these  systems can be i n s t a l l e d  i n  l e s s  than a day and 
used successful ly  within two. A r e a l l y  complete understanding of a l l  t h e  
f a c i l i t i e s  would probably be achieved with a month's use of t h e  package. A l l  
of  t h e  systems a r e  so ld  with some documentation. Most manuals lead  t h e  use r  
through t h e  funct ions  i n  a step-by-step manner. There a r e  a number of u s e r  
groups f o r  each of the  hardware manufacturers  which w i l l  provide he lp  t o  new 
use r s .  Usually the  d i s t r i b u t o r  of  a package w i l l  provide use r s  with some 
i n i t i a l  help i n  s e t t i n g  up f i l e s  but few provide any on-s i te  support.  Most 
vendors provide upgrade n o t i f i c a t i o n  f o r  t h e i r  customers. 
s-sry - The f i l e  management systems c u r r e n t l y  ava i l ab le  provide t h e  
small businessman with l i t t l e  knowledge of computing techniques with a f a s t  
easy method t o  s t o r e  and r e t r i e v e  data.  They a r e  aimed a t  t h e  u s e r  who does 
one record lookup o r  update a t  a time with minimal amounts of c a l c u l a t i o n  o r  
s t a t i s t i c a l  ana lys i s .  They provide such a use r  with simple r e p o r t s  with a 
minimum amount: of work. 
A s  a bus iness  grows i t s  da ta  processing needs change. New information 
must be c a r r i e d  i n  f i l e s ,  t r a n s a c t i o n  volumes increase ,  and more complex d a t a  
manipulation i s  required. The systems cur ren t ly  ava i l ab le  do not  provide 
adequately f o r  t h i s  type of growth. Usually f i l e s  can not  be modified a f t e r  
implementation and complex a p p l i c a t i o n s  must be user-written. 
4.4 w l i c a t i o n  Development Systems 
These systems a r e  designed t o  he lp  use r s  with a m a l l  amount of computer 
experience and in t imate  knowledge of t h e i r  processing requirements. Users 
de f ine  the  sequence of f i l e  process ing s t e p s  necessary f o r  t h e i r  a p p l i c a t i o n  by 
answering prompts o r  using a s p e c i a l  command language provided by t h e  package. 
The r e s u l t  i s  a customized stand-alone system f o r  performing t a s k s  such a s  
inventory con t ro l ,  accounts payable o r  rece ivable ,  s a l e s  a n a l y s i s  o r  genera l  
ledger.  
Four of the  systems i n  Table 1 have been designated a s  Applicat ion 
Development Systems because they provide f a c i l i t i e s  t o  a s s i s t  i n  updat ing  
master  f i l e s  from t ransac t ion  f i l e s .  A l l  four of the  systems provide s p e c i a l  
i n t e r f a c e s  (prompts, menus o r  screen formats)  f o r  f i l e  d e f i n i t i o n ,  da ta  e n t r y ,  
update, screen formatting, information r e t r i e v a l  and repor t  generat ion.  Three 
of t h e  systems allow t h e  master  f i l e  update funct ion  t o  be performed us ing  
user-defined procedures. 
PRISM/ADS (an  extension 05 t h e  PRISM/IMS f i l e  management system) i s  
e s s e n t i a l l y  a s ing le  f i l e  information r e t r i e v a l  s fs tem when used i n  a 
stand-alone fashion. When c a l l e d  from a user-wri t ten  BASIC hos t  
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propam PRISM/ADS provides screen format, master f i l e  management and r e p o r t  
generat ion f a c i l i t i e s .  Transact ion f i l e s  (generated ex te rna l  t o  PRISM) can be 
processed by t h e  app l i ca t ion  program and matched with master f i l e  records  using 
PRISM. FMS-80 and SELECTOR IV allow m u l t i - f i l e  r e t r i e v a l  and processing. 
Master f i l e  updates can be performed by user-defined procedures us ing computa- 
t i o n a l  and condi t ional  s tatements i n  languages provide by t h e  packages . 
The four th  system, CBS, al lows use r s  t o  def ine  t h e i r  processing requi re-  
ments non-procedurally by speci fy ing one o r  more menus. A menu i t e m  may 
spec i fy  t h a t  t h e  s t eps  i n  another  menu be performed. Each job s t e p  i n  a mult i-  
f i l e  app l i ca t ion  may be defined i n  terms of the  input  and output  f i l e s  used and 
t h e  CBS sub-program t h a t  is t o  be performed. In t h i s  way it i s  easy t o  def ine  
simple update opera t ions  involving add i t ion  t o  o r  sub t rac t ion  from a master 
f i l e  da ta  i t e m  value o r  movement of da ta  t o  o r  from t h e  t r a n s a c t i o n  f i l e .  Up 
t o  e i g h t  job s t e p s  and twenty f i l e s  may be involved i n  a s i n g l e  app l i ca t ion .  
Systems l i k e  these  make it e a s i e r  t o  customize business a p p l i c a t i o n s  and 
may be used increas ingly  i n  t h e  f u t u r e  by both software developers and end 
users .  Unlike t h e  DBMS systems t o  be described i n  t h e  next  s e c t i o n  they 
concentra te  on processing l o g i c  r a t h e r  than on t h e  l o g i c a l  r e l a t i o n s h i p s  among 
da ta  items. Careful design and management of  t h e  t r a n s a c t i o n  and master f i l e s  
i s  necessary t o  avoid p r o l i f e r a t i o n  of redundant da ta  and d i f f i c u l t  system 
maintenance problems. 
4.5 DATA BASE MANAGEMENT SYSTEMS 
DBMS systems can be c l a s s i f i e d  according t o  t h e  da ta  model ( l o g i c a l  view 
of d a t a )  on which they a r e  based. There a r e  t h r e e  p r i n c i p l e  models; 
h i e r a r c h i c a l ,  network and relational. Two of the  systems surveyed (MDBS and 
Microseed) a r e  network database systems genera l ly  conforming t o  t h e  design 
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p r i n c i p l e s  described i n  t h e  CODASYL Data Base Task Group repor t ,  [21. CONDOR 
S e r i e s  20/DBMS and CONDOR DBM-1 a r e  based on a r e l a t i o n a l  design, [ 3 1 .  MDBS 
has a s impler  vers ion ,  HDBS, which implements an h i e r a r c h i c a l  da ta  view. 
A d a t a  base management system provides a means f o r  many d i f f e r e n t  
app l i ca t ion  programs t o  share t h e  same data  f i l e s .  This g rea t ly  reduces  
redundancy of da ta  s torage and t h e  r e s u l t i n g  update problems. Mult iple 
a p p l i c a t i o n s  can share  common data  because t h e  DBMS allows each program t o  
access  any d a t a  it needs i n  any required order. 
By way of c o n t r a s t  t r a d i t i o n a l  da ta  process ing without a DBMS w i l l  r e l a t e  
a program t o  i t s  data  by maintaining mul t ip le  f i l e s  and using s o r t  and match- 
merge opera t ions .  Note t h a t  t h i s  can provide an e f f i c i e n t  method of  ~ r o c e s s i n g  
a p p l i c a t i o n s  with l a rge  volumes of t r ansac t ions .  However, a program must be 
w r i t t e n  and t h e  r e q u i s i t e  f i l e s  c rea ted  f o r  each a p p l i c a t i o n *  This  usua l ly  
means t h a t  mul t ip le  copies of the  same da ta  item must be maintained. It a l s o  
l eads  t o  i n f l e x i b l e  systems s ince  new programs and f i l e s  need t o  be set-up each 
time a new information reques t  has t o  be s a t i s f i e d .  
Simple h i e r a r c h i c a l  r e l a t i o n s h i p s  (eg. one employee t o  many dependents) 
can o f t e n  be handled e f f i c i e n t l y  i n  t r a d i t i o n a l  f i l e  processing by speci fy ing 
records with a roo t  segment (eg. employee) and repea t ing  groups (ego  
dependents).  Hierarchica l  r e t r i e v a l  can a l s o  be achieved by a user-maintained 
coding scheme and t h e  use o f  p a r t i a l  keys o r  wild-card cha rac te r s  i n  some of 
t h e  f i l e  management systems discussed e a r l i e r .  However, without a DBMS it is  
d i f f i c u l t  t o  represent  e i t h e r  ( 1 )  many-to-many r e l a t i o n s h i p s  (eg. s u p p l i e r s  
supply many d i f f e r e n t  p a r t s ;  a given p a r t  may be supplied by many s u p p l i e r s )  o r  
( 2 )  r e l a t ionsh ips  where a given record has more than one owner (eg. a l i n e  i tem 
record needs t o  be r e l a t e d  t o  a '  purchase Order header record,  a supp l i e r  record 
and an i t e m  r ecord) .  
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The Two Network Systems 
Before a network DBMS can be used it i s  necessary to  def ine  a da ta  base 
' schema' desc r ib ing  the  data  items, record types and in te r record  r e l a t i o n s h i p s  
o r  ' s e t s '  t h a t  a r e  to be maintained i n  t h e  database. MDBS u t i l i z e s  a s p e c i a l  
e d i t o r  r o u t i n e  v ia  which t h e  user  de f ines  t h e  da ta  base i n  a non-procedural 
' d a t a  d e f i n i t i o n  language' (DDL). In  MICROSEED t h i s  statement is  w r i t t e n  to a 
f i l e  us ing t h e  normal system e d i t o r .  A graphica l  representa t ion  of t h e  
information s to red  i n  a t y p i c a l  schema i s  shown i n  Figure 4 below. 
MICROSEED follows t h e  CODASYL 'subschema' concept and requ i res  t h a t  a 
sepa ra te  f i l e  be generated f o r  each app l i ca t ion  program descr ib ing the  subset  
of t h e  schema t h a t  w i l l  be u t i l i z e d .  The subschemas a r e  defined us ing t h e  same 
DDL a s  t h e  schema. Subschemas can be use fu l  i n  providing da ta  independence and 
provide a form of s e c u r i t y  p ro tec t ion  s ince  an app l i ca t ion  can only access  
those  p a r t s  of the  schema t h a t  have been declared i n  i t s  sub-schema. MDBS by- 
passes  t h i s  s t e p  but  incorpora tes  a 'data-group' concept i n t o  t h e  hos t  language 
program i n t e r f a c e  with t h e  DBMS. This  al lows t h e  user  t o  speci fy  a subset  of 
da ta  i tems which can be accessed us ing a group name. 
Having defined t h e  s t r u c t u r e  of t h e  da ta  base i n  t h i s  manner t h e  next s t e p  
i s  t o  load t h e  data  i n t o  t h e  database. To do t h i s  t h e  user  must wr i t e  a 
program i n  a host-language such a s  FORTRAN, BASIC o r  COBOL. The h o s t  language 
program reads  t h e  u s e r ' s  da ta  f i l e s  and s t o r e s  t h e  da ta  i n  t h e  database f i l e  by 
i s s u i n g  ' c a l l s '  t o  t h e  DBMS. This ' ex tens ion  to the  hos t  language' i s  c a l l e d  a 
Data Manipulation Language' (DML) . 
In  general  acess  t o  the  da ta  f o r  a p p l i c a t i o n s  can be obtained e i t h e r  v i a  a 
high-level  'query language' o r  by w r i t i n g  programs i n  t h e  hos t  language (which 
accesses  the  da ta  v i a  DML c a l l s  a s  described above). The app l i ca t ions  t o  be 
described l a t e r  have used t h e  host-language approach. 
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I n i t i a l  e n t r y  to t h e  network of records is  obtained v i a  a  s p e c i a l  'System" 
record  i n  MDBS; t h e r e a f t e r  po in te r  chains a r e  followed t o  move from one record 
type (eg. Organizat ion) t o  another  (eg.  Employee). MICROSEED al lows i n i t i a l  
e n t r y  t o  an ins tance  of a  record i n  t h e  network v i a  a  DBMS-supplied hashing 
funct ion ,  t h e r e a f t e r  po in te r  chains a r e  followed i n  a  record-by-record fashion 
a s  above. 
Both MDBS and MICROSEED incorpora te  s i g n i f i c a n t  extensions to t h e  o r i g i n a l  
CODASYL spec i f i ca t ion .  MICROSEED incorpora tes  a  query language a s  p a r t  of t h e  
b a s i c  package. MDBS al lows a  d i r e c t  r ep resen ta t ion  of many-to-many r e l a t i o n -  
sh ips .  This  can s i g n i f i c a n t l y  decrease both the  complexity of t h e  da ta  base 
and subsequent processing. MDBS a l s o  al lows set r e l a t i o n s h i p s  t o  be defined 
over a  s i n g l e  record-type ( r a t h e r  than between two record-types) .  For example, 
t h i s  al lows d i r e c t  r ep resen ta t ion  of b i l l -o f  m a t e r i a l s  r e l a t i o n s h i p s  between 
i n s t a n c e s  of  ' p a r t s '  records.  MDBS supp l i e s  an i n t e r a c t i v e  query language a s  a  
sepa ra te  add-on fea ture .  I n  add i t ion  MDBS a l s o  supp l i e s  a  sepa ra te  ' d a t a  
r e s t r u c t u r i n g '  package which al lows item, record  and s e t  r e l a t i o n s h i p s  a s  
def ined i n  an e x i s t i n g  schema t o  be changed under program contro l .  This  
f e a t u r e  can be very s i g n i f i c a n t  i n  a l lowing u s e r s  t o  adapt t h e i r  systems t o  
changing requirements. 
The Rela t ional  S y s t z  
The two Condor systems a r e  based on a  r e l a t i o n a l  view of data.  In  t h i s  
view a l l  da ta  items a r e  s to red  i n  ' f l a t '  f i l e s  o r  ' r e l a t i o n s '  i e .  t h e r e  a r e  no  
repea t ing  groups o r  o the r  h i e r a r c h i c a l  r e l a t i o n s h i p s  involved. To give maximum 
f l e x i b i l i t y  and s impl ic i ty  t o  t h e  use r  view, l o g i c a l  da ta  base r e l a t i o n s h i p s  
between records a r e  not e x p l i c i t y  def ined by p o i n t e r s  or  l i n k s  a s  i n  t h e  
h i e r a r c h i c a l  o r  network models.. I n s t e a 6  r e l a t i o n s h i p s  inheren t  i n  t h e  da ta  a r e  
r e a l i z e d  by referencing keys t h a t  a r e  common t o  more than one r e l a t i o n .  
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The data  d e f i n i t i o n  i n t e r f a c e s  t o  DBM-1 and Ser i e s  20 u t i l i z e  screen 
formats and a r e  s imi la r  t o  those  f o r  many o the r  systems i n  t h i s  study. 
Mul t ip le  'views' of each r e l a t i o n  a r e  poss ib le ;  each view may conta in  a 
d i f f e r e n t  desc r ip t ion  of t h e  da ta  items. 
U s e r s  can access the  da ta  base using a high l e v e l  language based on an 
a l g e b r a i c  approach. This language permits  use r s  t o  form new r e l a t i o n s  f o r  
subsequent temporary o r  permanent s torage  o r  f o r  use i n  r e p o r t s  o r  i n  answer t o  
quer i e s .  The new r e l a t i o n s  a r e  subse t s  of e x i s t i n g  r e l a t i o n s  o r  a r e  obtained 
e i t h e r  by appending one r e l a t i o n  t o  another  o r  by merging two r e l a t i o n s  on a 
common key f i e l d .  
DBM-1 and S e r i e s  20 provide password p ro tec t ion  and have repor t  genera- 
t o r s .  They can be used i n  e i t h e r  i n t e r a c t i v e  o r  batch mode and can a l s o  be 
c a l l e d  from host-language programs. In common with t h e  ADS systems described 
e a r l i e r  it is  poss ib le  t o  def ine  job streams t o  perform t r a d i t i o n a l  t r a n s a c t i o n  
processing.  
5. SURVEY OF DATA BASE MANAGEMENT SYSTEM USERS 
We now discuss  the  r e s u l t s  obtained from a survey of u s e r s  of one of t h e  
two network DBMS systems (MDBS) and t h e  r e l a t i o n a l  systems (Condor DBM-1 and 
S e r i e s  20) .  Although t h e  sample s i z e  i s  small  w e  f e e l  t h a t  t h e  r e s u l t s  a r e  
i n t e r e s t i n g  and i n d i c a t e  t h e  p o t e n t i a l  f o r  t h i s  new area  of micro computer 
software. 
Table 3 summarizes some c h a r a c t e r i s t i c s  of t h e  user  sample. Most of t h e  
u s e r s  were computer profess ionals .  However, one non-professional u s e r  with 
only one yea r ' s  programming experience was success fu l ly  using t h e  system. A l l  
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of  t h e  u s e r s  i n  t h e  sample had received ass i s t ance  from t h e  vendor e i t h e r  i n  
i n s t a l l i n g  t h e  system o r  i n  developing appl ica t ions .  
Sample Size  = 10 
. 
Industry:  Government ( 3 1, profess iona l  ( 2 ) , Software indust ry  ( 4  1, 
Microcomputer manufacturer ( 1 )  
Average Data Processing experience of persons using DBMS = 4 y e a r s  
Hardware : CPU capacity:  64K(9 1 ; 5 6 ~ (  1 
Floppy d i sk  ( 6 ) ;  hard disk ( 4 )  
Assistance from Vendor: A l l  10 use r s  had received ass i s t ance  from t h e  vendor 
e i t h e r  during o r  subsequent t o  i n s t a l l a t i o n .  
Applicat ions:  The 10 use r s  c i t e d  28 e x i s t i n g  appl ica t ions .  A l l  were planning 
new app l i ca t ions .  
User S a t i s f a c t i o n :  A l l  systems were r a t e d  a s  "very sa t i s fac to ry"  by a l l  users .  
TABLE 3 
P r o f i l e  of  DBMS Users 
Table 4 conta ins  some s t a t i s t i c s  descr ib ing t h e  DBMS app l i ca t ion  programs and 
d a t a  bases. Since t h e  DBMS occupies approximately 19k of memory ( inc lud ing  
page b u f f e r s )  and space must be allowed f o r  app l i ca t ion  program buf fe r s  and t h e  
opera t ing  system, t h e  a p p l i c a t i o n  programs must necessa r i ly  be r a t h e r  m a l l .  
However t h e  funct ions  performed by t h e  DBMS i t s e l f  g r e a t l y  reduce t h e  necessary  
l eng th  of programs when compared wi th  a  non-data base environment. 
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Host Language -Applicat ion Programs 
Language No. -of  -Users  No, o f  Lines o f  Code 
Minimum 
250 
Max h u m  
500 BASIC 
COBOL 
Data Base Sizes :  
Minimum Maximum , 
3 M bytes ,  10,000 records  50K bytes ,  400 records  
Complexity of  Data Base 
Minimum Max im um 
2 13 
5 15 0 
2 17 
Number of record types  
To ta l  number of f i e l d s  
Number of  1: n s e t s  
Number of m: n s e t s  
TABLE 4 
C h a r a c t e r i s t i c s  of Ex i s t ing  DBMS ~ p p l i c a t i o n s  (MDBS) 
The lower p a r t  o f  Table 4 g ives  an idea  of t h e  l o g i c a l  complexity of t h e  
da ta  bases i n  terms of t h e  in t ra- record  and in te r - record  r e l a t i o n s h i p s  
maintained. Figure 3 g ives  a graphica l  r ep resen ta t ion  of t h e  schema f o r  one of  
t h e  u s e r  appl ica t ions .  I n  t h e  f i g u r e  record types  a r e  denoted by t h e  
r ec tang les  R1, R2,... and se t - types  by t h e  d i r e c t e d  a r c s .  For example, t h e  
arrow from R9 t o  R10 r e p r e s e n t s  a 1: many r e l a t i o n s h i p  between R9 and R10 ( a n  
ins tance  of record type  R9 may own zero, one o r  more i n s t a n c e s  of record 
type  R10). The double-headed arrow between R7 and R10 r e p r e s e n t s  a 
many-to-many r e l a t i o n s h i p  between t h e s e  two record types .  
The range of da ta  base s i z k s  f o r  t h e  r e l a t i o n a l  systems was s i m i l a r  t o  
t h a t  f o r  MDBS. The number of r e l a t i o n s  i n  a da ta  base va r i ed  from a minimum of 
2 t o  a maximum of 20 while t h e  number of a t t r i b u t e s  per r e l a t i o n  varied from a 
minimum of 5 t o  a maximum of 77. 
DATABASE SIZE 
R 1  
Number Of R e c o r d  T y p e s  
T o t a l  Number O f  Fields 
Number o f  S e t s :  1:n 
m:n 
R8 
200,000 b y t e s  
FIGURE 3 
SCHEMA FOR ONE OF THE USER APPLICATIONS 
b A 
- 
t 
> R6 
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R9 SYSTEM. * > R4 
-
I 
R5 3 R7 
From Table 4 and Figure 3 it can be seen t h a t  t h e  use r s  were t a k i n g  
advantage of t h e  a b i l i t y  of t h e  DBMS t o  maintain q u i t e  complex da ta  r e l a t i o n -  
sh ips .  In  f a c t  a number of t h e  use r s  ind ica ted  t h a t  they could n o t  a t tempt  
such a p p l i c a t i o n s  without a  DBMS. The survey a l s o  indica ted  t h a t  some of t h e  
u s e r s  w e r e  a t tempt ing t o  develop much more complex appl ica t ions .  One M I I S  u s e r  
planned a da ta  base with 60 record types  and 70 s e t s .  Another was developing 
an i n t e g r a t e d  data  base app l i ca t ion  with 48 sub-programs each requ i r ing  more 
than  40 K by tes  of memory. 
6. CONCLUSION 
The da ta  management systems surveyed cover a  broad spectrum from s e l f -  
conta ined FMS's t o  general purpose DBMS's. Some of t h e  FMS'S a r e  p a r t i c u l a r l y  
easy t o  use; however they have l imi ted  c a p a b i l i t i e s .  A t  t h e  o t h e r  extreme t h e  
network DBMS's r equ i re  programming s k i l l s  but  provide g rea t  genera l i ty  of 
function.  These r e l a t i o n s h i p s  a r e  p l o t t e d  i n  Figure 4. 
A t r e n d  a l ready apparent i n  t h e  indus t ry  i s  an at tempt t o  move towards t h e  
i d e a l  system shown i n  the  upper right-hand corner  of t h e  f iqure .  This  i s  
const ra ined by t h e  c a p a b i l i t i e s  of p resen t  micro-computer hardware, by our  
l i m i t e d  knowledge of what t h e  end u s e r  r e a l l y  r equ i res ,  and by our a b i l i t y  to  
produce r e l i a b l e ,  e f f i c i e n t  software. 
This  movement i s  occuring incrementa l ly  from both ends of t h e  spectrum. 
F i l e  management systems a r e  a t t a i n i n g  a c a p a b i l i t y  t o  process mul t ip le  f i l e s  
and t o  a s s i s t  the  user  i n  developing app l i ca t ions .  Data base management 
systems a r e  being augmented by r o u t i n e s  t o  he lp  t h e  u s e r  load da ta  i n t o  t h e  
d a t a  base, by query languages and by r e p o r t  generators .  
Competition i s  forc ing improvement i n  t h e  q u a l i t y  of micro-computer d a t a  
management software. However the  r u l e  of caveat  emptor s t i l l  app l i e s .  Some 
systems w i l l  continue t o  have programming e r r o r s ;  documentation i s  n o t  
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EASE OF USE A IDEAL SYSTEM 
GENERALITY 
OF FUNCTION 
FIGURE 4 
TRADE-OFF BETWEEN EASE OF USE AND GENERALITY 
OF FUNCTION 
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uniformly good; vendor $ay?port i s  necessa r i ly  l e s s  than t h a t  provided i n  t h e  
mini  and maxi-computer markets; a d v e r t i s i n g  claims and brochures sometimes use 
confusing terms. Usually t h e  software w i l l  perform t h e  intended business 
funct ion  i f  used properly. However support ing funct ions  such a s  e r r o r  r epor t s ,  
f i l e  maintenance and a u d i t  t r a i l s  a r e  o f t e n  lacking.  This  fo rces  u s e r s  t o  
l e a r n  d e t a i l s  of the  opera t ing  system and t o  employ d a t a  process ing d i s c i p l i n e s  
and c o n t r o l s  for  which they are unprepared. 
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APPENDIX I 
LIST OF SURVEYED SYSTEMS AND VENDORS 
ANALYST 
S t r u c t u r e d  Systems 
Group, Inc.  
5 208 Claremont Ave. 
Oakland, CA 94618 
CBS 
Dynamic Microprocessor  
Assoc ia t e s  
545 F i f t h  Avenue 
New York, NY 10017 
CCA DATA MANAGER 
Per sona l  Software Inc.  
592 Weddell Dr ive  
Sunnyvale, CA 94086 
CONDOR SERIES 20/DBMS 
and CONDOR DBM-I 
Condor Computer Corp. 
3989 Research Park D r .  
Ann Arbor, M I  48104 
CROMEMCO DBMS 
Cromemco Inc.  
280 Bernardo Ave. 
Mountain View, CA 94043 
DBMASTER 
Stoneware Microcomputer 
Products  
1930 4 th  S t r e e t  
San Rafael ,  CA 94901 
FMS-80 
systems P lus  
1921 Rock S t r e e t  
Mountain View, CA 94043 
INFO MANAGER 
North S t a r  Computers, Inc. 
1440 4 th  S t r e e t  
Berkeley, CA 94710 
MAXI MICRO MANAGER 
Adventure I n t e r n a t i o n a l  
Box 3435 
Longwood, FL 32750 
MDBS 
Micro Data Base Systems Inc .  
Box 248 
Lafaye t t e ,  I N  47902 
MICRO B+ 
F a i r  Corn 
2606 Johnson Dr ive  
Columbia, MO 65201 
MICRO-SEED 
I n t e r n a t i o n a l  Data Base 
Systems Inc.  
2300 Walnut S t r e e t  
Ph i l ade lph ia ,  PA 191 0 3 
0s-DNS NUCLEUS~' 
Ohio S c i e n t i f i c  Inc.  
1333 S. c h i l l i c o t h e  Rd. 
Aurora, OH 44202 
02 z 
Commodore Business  System Inc.  
950 Rit tenhouse  Road 
Norristown, PA 19406 
PRISM 
Micro App l i ca t ions  Group 
7300 Caldus Avenue 
VanNuys, CA 91406 
PROFILE I1 
Tandy Corpora t ion  
F o r t  Worth, TX 76102 
SELECTOR I11 and SELECTOR IV 
Micro-Ap Inc .  
9807 Danovan Drive 
San Ramon, CA 94583 
SUPE RKRAM 
United Sof tware  of America 
750 Thi rd  Avenue 
New York, NY 10017 
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APPENDIX I1 
Survey Design 
A s  mentioned previously an attempt was made t o  examine both ( 1 )  t h e  
a v a i l a b l e  software and ( 2 )  t h e  use r s  and t h e  nature  of t h e i r  app l i ca t ions .  The 
con ten t s  of the  survey ques t ionnai res  f o r  these  two groups a r e  now b r i e f l y  
summarized. 
Vendor Quest ionnaire -
The ques t ionnai re  addressed t o  t h e  vendors was t echn ica l  i n  nature.  
However it s t r e s s e d  t h e  f e a t u r e s  provided from t h e  u s e r ' s  point-of-view r a t h e r  
than from t h e  view point  of the  software system s p e c i a l i s t .  It contained 
ques t ions  s u i t a b l e  f o r  both FMS and DBMS systems under the  following genera l  
headings : 
1. General Information 
Vendor; p r i ce ;  type of system; d a t e  of r e l ease ;  number of users .  
2. System Requirements 
Micro processor type; CPU requirements and capacity;  opera t ing  systems; 
language i n t e r f a c e s .  
3 .  Physical  Data S t ruc tu res  
Data types supported; system l i m i t s  on s i z e  of f i e l d s ,  number of records,  
e t c . ;  access  methods. 
4.  Loqical Data S t ruc tu res  
Record s t r u c t u r e ;  i n t e r  record r e l a t i o n s h i p s .  
5. Degree of Program and Data Independence 
Separat ion of l o g i c a l  and physica l  f i l e  desc r ip t ions .  
6. User Def in i t ion  of  Records, F ie ld  Names and Formats 
Edi tor ,  prompting, screen format f a c i l i t i e s .  
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7. Data Entry and Update 
Specia l  d a t a  ent ry  program; screen formats; s ing le  o r  group updates and 
d e l e t e s ;  space recovery. 
8. Information Retr ieval  F a c i l i t i e s  
Query language; prompts; screen formats; s e l e c t i o n  c r i t e r i a  poss ib le .  
9. Report Generation F a c i l i t i e s  
Screen format generator; columnar r epor t s ;  graphs; mail ing l abe l s ;  s p e c i a l  
forms. 
10. U t i l i t y  Routines Provided 
S o r t  rou t ines ,  master f i l e / t r a n s a c t i o n  f i l e  update; da ta  base usage 
s t a t i s t i c s ;  calendar and date  rou t ines ;  da ta  compaction; a v a i l a b l e  space 
repor t s .  
11. Secur i ty  and I n t e g r i t y  of  Data Base 
Pass-word protec t ion;  update va l ida t ion ;  recovery and back-u? fea tu res .  
12. Ease of  Use and Vendor Support 
Required soph i s t i ca t ion  of user ;  documentation; consula t ion ,  t r a i n i n g .  
13. Performance S t a t i s t i c s  
Time pe r  re t r ieval /update ;  tuning. 
In  add i t ion  t o  obta in ing r e s u l t s  from t h e  vendor surveys we a l s o  arranged 
l i v e  demonstrations of most of t h e  packages shown i n  Table 1. 
User Questionnaire 
The ob jec t ives  of t h i s  p a r t  of t h e  study were t o  obta in  information about 
t h e  u s e r s ,  t h e i r  r eac t ions  t o  t h e  packages, t h e  f e a t u r e s  they found most 
h e l p f u l  and would most l i k e  t o  have, and information about the  a p p l i c a t i o n s  t o  
which t h e  packages were devoted. S l i g h t l y  d i f f e r e n t  ques t ionnai res  were s e n t  
t o  the  use r s  of da ta  base management systems. An a d d i t i o n a l  o b j e c t i v e  h e r e  was 
t o  a s c e r t a i n  the  ccmplexity of t h e  d a t a  base s t r u c t u r e s  used. 
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1. User P r o f i l e  
Indust ry ;  s i z e  of firm; d a t a  processing environment; personnel; i n t e n s i t y  
of  use  of package. 
2. Hardware Configuration 
CPU; opera t ing  system; a u x i l l i a r y  storage;  hours of use of micro-computer. 
3 ,  F i l e  Management o r  Data Base Management Package 
Name; vendor; version;  hours of use of package; number of app l i ca t ions .  
4. User Rating of  Packaqe 
S a t i s f a c t i o n  with package; documentation; problems i n  i n s t a l l a t i o n ;  q u a l i t y  
of a s s i s t a n c e  provide. 
5. General Comments 
Major problems; bes t  f ea tu res ;  new f e a t u r e s  desired.  
6. s p l i c a t i o n s  f o r  which Package Is Used 
Short desc r ip t ions  of p resen t  and f u t u r e  appl ica t ions .  
7. D e t a i l s  of Individual  Applicat ions 
Re t r i eva l  only; update master  f i l e ;  computations; graphics;  number of f i l e s  
used; s i z e  of f i l e s ;  i n t e n s i t y  of use of app l i ca t ion .  
8. Complexity of Data Base 
Number of record types and r e l a t i o n s h i p s  
9. Applicat ion Programs Using Data Management Systems 
Source language; s i z e .  
Because of space l i m i t a t i o n s  we can only g ive  an overview of t h e  r e s u l t s  of 
t h e s e  two surveys. In f a c t ,  t h e  r e s u l t s  of t h e  use r  survey a r e  f u r t h e r  
r e s t r i c t e d  t o  a  m a l l  subset  of DBMS use r s .  
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